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Abstract
With the rapid development of multispectral image imaging technology in recent decades,
the images acquired by imaging systems not only contain the RGB color bands in daily
life but also have multispectral color bands and high spatial resolution in multispectral
image data. This makes the images contain rich information about the characteristic target
regions. Image fusion is also an important branch in the field of image processing, where
multiple images from the same region at the same height are fused into a single image. Then
the correlation between the spectral information of the multispectral images is enhanced.
So that the information in the image is not lost. This thesis contains a description of the
design and implementation of a multispectral image system, preprocessing of multispectral
images, the fusion of multispectral images, and principal component analysis. Finally, an
evaluation of the whole system is presented.

Abstrakt
S rychlým rozvojem technologie multispektrálního zobrazování v posledních desetiletích
obrázky získané zobrazovacími systémy obsahují nejen barevná pásma RGB v každoden-
ním životě, ale také mají multispektrální barevná pásma a vysoké prostorové rozlišení v
multispektrálních obrazových datech. Díky tomu obrázky obsahují bohaté informace o
charakteristických cílových oblastech. Fúze obrazu je také důležitou větví v oblasti zpra-
cování obrazu, kde je více obrázků ze stejné oblasti ve stejné výšce sloučeno do jednoho
obrazu. Poté se zlepší korelace mezi spektrálními informacemi multispektrálních obrazů.
Aby se informace na obrázku neztratily. Tato práce obsahuje popis návrhu a implementace
multispektrálního obrazového systému, předzpracování multispektrálních obrazů, fúzi mul-
tispektrálních obrazů a analýzu hlavních komponent. Nakonec je představeno hodnocení
celého systému.
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Chapter 1

Introduction

83% of the external information obtained by humans comes from human eyes. Observe and
understand the world through the humans visual system. Observing information such as
the size, brightness, color, and state of external things makes it possible to interact with the
surrounding environment without requiring physical contact. However, due to the limited
range of wavelengths that the human eye can see, there are limitations to the information
obtained. In order to explore a wider world and the invention of infrared detectors, humans
have the means to observe the world beyond the visible spectrum. With the rapid develop-
ment of electronic technology. And the maturity of multispectral technology. People have
applied the technology to many aspects. Such as medicine, art, environmental science, food
engineering, agriculture, natural resources, satellites, aviation, self-driving cars, etc.

In this thesis, I perform image preprocessing on multispectral images. Two or more
multispectral images are fused using image fusion techniques. In the last part, the fused
images are manipulated to do other image processing. The images of three different com-
ponents were obtained by principal component analysis transformation. For the above, a
multispectral image system is designed and implemented. A multispectral image system is
designed and implemented for the above.

Hyperspectral images combine the functions offered by both digital imaging and spec-
troscopy techniques. A multispectral image is a particular type of hyperspectral image
that contains different spectral data. Unlike ordinary RGB images, it generally has 3 to 15
discrete bands of spectral information. A hyperspectral image is an image that includes a
continuous spectrum.

In targeting the above industry directions, multispectral images need to provide very
rigorous information results. It can distinguish the spectral data from the image from the
color component differences showing each application area. For example, a drone surveying
a farm and scanning the farm by spectral imaging can be recorded by the spectral infor-
mation reflected from each vegetation and then fed back to the farmer. Suppose there is
an area where the plants’ feedback on the spectral image is red. Then the plants in that
area appear to be anomalous. It means that the plants in the area are sick or infested with
insects. This image data can provide farmers with informative hints about the damage
to the plants to reduce losses. However, due to sensor problems, the images taken by the
same camera equipment can also deviate from the information contained in each image.
However, images can also be affected by adverse conditions and poor lighting. These can
make the final finished film lose some scene information.

Image fusion aims to fuse various image data obtained from multiple sensors into a image
that contains most of the information in the source image without distortion. The key to
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fusion method is to extract useful information from the fused image and integrate it into
the fusion result without introducing any artificial interference information into the image
fusion process. Simply put, it selects a fusion technique that efficiently obtains valuable
data from an image. Two or more multispectral images are fused. It can obtain an image
that fuses multiple layers of spectral data.

The principal component analysisPCA) is widely used in remote sensing digital image
processing. The PCA transform can concentrate the image information in multi-band
images into a principal component image with the smallest possible number. These principal
component images are made to be disjoint from each other. The first principal component
contains the largest amount of information, and each principal component is uncorrelated
with the other after the transformation. The amount of information contained in this
component decreases with the increase of the principal component number.

In the next chapter, Chapter 2, The basic theory of multispectral images, imaging
principles, acquisition methods, applications in various fields, and existing software are in-
troduced in detail. Chapter 3 study the theory of each approach I need. Chapter 4 is the
requirement analysis and functional analysis of the framework to design the overall frame-
work of my multispectral image system.Chapter 5 is the implementation of the framework
of the multispectral image system designed in Chapter 4 and successfully demonstrated and
evaluation. And the last Chapter 6 which is conclusion.
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Chapter 2

Multispectral image

The content of this chapter is divided into 5 sections. Section 2.1 is the principle of mul-
tispectral images, Section 2.2 describes the method of acquiring multispectral images, and
Section 2.3 introduces multispectral imaging. The use of multispectral images in various
fields is shown in Section 2.4. Software applications of multispectral imaging are listed in
Section 2.5. The content of this chapter is limited to the information closely related to the
topic of the thesis.

2.1 Multispectral image
A multispectral image is a stack of images or bands, and each band represents an intensity
image of a specific wavelength1. The image acquires image data for a specific wavelength
range across the electromagnetic spectrum. A standard grayscale image can be a band
image, while an RGB image is a three-band image. A multispectral image is an image
consisting of many channels with a number of bands generally ranging from 3 to 15, each of
which can be acquired with a remote sensing radiometer. Each channel captures the light
of a specified wavelength. Think of the spectrum as a straight line. Due to the wavelength
resolution, only one wavelength can be ”seen“ at a certain distance. By ”seeing“ this
wavelength, it can collect the information corresponding to this wavelength and a small
range of nearby to form a channel. In other words, one wavelength corresponds to one
channel.

Each pixel in a multispectral image contains information about the spectral reflectance
of the imaged scene. The acquired multispectral images can be used to predict color changes
due to changes in observed illumination [11]. It is known that the appearance of an object or
scene may change significantly when the light source is changed due to physical influences.
A complete spectral description of the radiance of light source and reflectance of the scene,
a complete spectral description of the radiance of the light source, and the reflectance of
the scene are required. Thus, call multispectral imaging is a tool for image formation and
reflection phenomena, providing us with information in each image pixel.

A standard color digital camera can collect data in three bands in the visible spectrum.
Sensors that collect data from multiple parts of the electromagnetic spectrum are called
multispectral sensors. These sensors simultaneously measure data from multiple regions
of the electromagnetic spectrum, usually including visible light, near-wave, and short-wave

1https://www.vision-systems.com/boards-software/article/16738929/multispectral-imaging-offers-new-
tools
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infrared. Vision is the most technologically advanced of our senses, so it is not surprising
that images play the most important role in human perception. However, unlike humans,
where electromagnetic fields are limited to the visible band of the electromagnetic spectrum,
images cover almost the entire electromagnetic spectrum, ranging from gamma rays to radio
waves.

Figure 2.1 Electromagnetic Spectrum Vector2

Their frequencies and wavelengths are shown in Figure 2.1. Visible light is the light of
the three primary colors red, green and blue. It comes from the prism experiment conducted
by the English scientist Isaac Newton in 1655. All other colors that can be seen by the
human eye nowadays are produced based on mixing the three primary colors.

Each band of a multispectral image can be displayed one band at a time as a grayscale
image or a combination of three bands at a time as a color composite image. A computer
screen can display an image consisting of three different bands, by using a different primary
color for each band. When combine these three images, the result is a color image, with
the color of each pixel determined by a combination of RGBs of different illuminates3.

A natural or true color composite image is an image that displays on a computer monitor
a combination of visible red, green, and blue bands in the corresponding red, green and
blue channels. The resulting composite resembles what is naturally observed by the human
eye. The human eye cannot distinguish the difference between pure yellow and a mixed
yellow of red and green.

2https://commons.wikimedia.org/wiki/File:EM𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚.𝑠𝑣𝑔
3https://gsp.humboldt.edu/OLM/Courses/GSP216𝑂𝑛𝑙𝑖𝑛𝑒/𝑙𝑒𝑠𝑠𝑜𝑛3− 1/𝑏𝑎𝑛𝑑𝑠.ℎ𝑡𝑚𝑙
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Figure 2.2 Color and spectral content are not synonymous4

In Figure 2.2 above, there are two different ribbons. One is a continuous ribbon, and the
other is three primary colors. In the Figure 2.2, the yellow part is specifically pointed out.
The figure on the left can be called ”pure color“, and the figure on the right is a mixed
color of red and green. From a visual point of view, it may be impossible to distinguish.

2.2 Acquisition methods of multispectral images
Based on the above information. Multispectral image acquisition systems are device-
independent in essence [11]. It can obtain multispectral images in three ways. The specific
methods are as follows:

• Multi-lens type multispectral camera, it has 4-9 lenses, each lens has a filter, which
allows a narrower spectrum to pass through. Multiple lenses shoot the same scene at
the same time, using one film at the same time. Record image information of different
spectral.

• A multi-camera type multispectral camera, which is a combination of several cameras.
Each camera has a different filter on the lens to receive the information on the different
spectral bands of the scene and shoot the same scene at the same time. A set of image
information for a specific spectral band.

• The beam-separated multispectral camera uses one lens to shoot the scene, uses mul-
tiple prism beam splitters to separate the light from the scene into several wavebands
of light beams, and uses multiple image systems to record the light information of
each waveband separately [26].

The three different imaging methods have their advantages and disadvantages. The
imaging quality of beam separation is poor, but the overlap accuracy is high. Although
multi-lens and multi-camera multispectral cameras are aimed at the same target for imag-
ing, the overlap consistency of their images is certainly not wholly consistent. Still, the
imaging quality should be relatively high. I can obtain multispectral images through any
of the above methods.

4https://www.researchgate.net/figure/Color-and-spectral-content-are-not-synonymous𝑓 𝑖𝑔6236094270
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2.3 Multispectral imaging
Traditional digital cameras capture the light falling on the sensor like how humans perceive
color. For this reason, the camera captures the scene at a much higher spectral resolution.
Each pixel has a vector of intensity values (instead of the R, G, B triplet), where each
value corresponds to incident light in the small wave range. This can be achieved by
collecting each wavelet individually with a narrow color filter or scanning the image with a
spectrometer5.

The multispectral imaging principle and ordinary camera imaging principle are the
same. The sensor receives external photons, either to form a voltage signal or a current
signal, and then converted into the familiar pixel. The representation of the image can be
specifically referred to in Figure 2.3. by overlapping multiple spectra to form the multi-
spectral image that you see. So what is the model of a multispectral imaging system?

Multispectral imaging is a technique for acquiring information in a single image and
processing it. It is the acquisition of spatial dimensional information of a target through a
lens, along with the spectral information of that target.

Multispectral image data are three-dimensional where there are two spatial dimensions
and one spectral dimension [27]. Thus it contains more information about the feature
target.

Figure 2.3 Multispectral imaging system architecture6

The components of a multispectral imaging system include a filter wheel consisting of
a set of filters, a light source, a lens, and a sensor. As shown in Figure 2.3, the light source
is illuminated on the object to be photographed, filtered spectral through the filter wheel,
and then through the lens to the sensor to obtain an image containing spectral and spatial
information.

5https://www5.cs.fau.de/research/groups/computer-vision/multispectral-image-analysis/index.html
6https://www.mdpi.com/1424-8220/14/11/21626
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Figure 2.4 Global scheme of the multispectral imaging system. With the filter array
technique, the filter is mounted on a common CMOS image sensor7

It is also possible to filter the visible light and then pass it through the lens to the
sensor so that an infrared multispectral image can be obtained. Figure 2.4 shows a global
overview of multispectral imaging [17].

2.4 Industry fields of application
In Chapter 1, I also introduced multispectral images in several important areas, such as re-
mote sensing, pollution monitoring, field surveillance, food quality, agriculture, astronomy,
medical, and other different fields.

In agriculture field, multispectral imagery technology is used mainly to facilitate the staff
to quickly access which area of vegetation is unhealthy from a large forest or planting area.
It can be detected and rescued in a timely and efficient manner. The area in need is scanned
or take photos mainly by using drones or multispectral image cameras. Then by making the
comparison of Normalized difference vegetation index(NDVI)8. A simple understanding is
that healthy vegetation is defined as green. Unhealthy vegetation is defined as red9. Also,
for agricultural statistics, mostly agricultural statistics are calculated by field. By taking
pictures of field areas and using multispectral segmentation, the boundaries of agricultural
fields can be automatically delineated in the images [29].

7https://www.mdpi.com/1424-8220/14/11/21626
8NDVI is a photosynthetic index and is one of the most commonly used vegetation indicators, based on

the observation that different surfaces reflect different types of light.
9https://zhuanlan.zhihu.com/p/28301239
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(a) Vegetation multispectral image10

(b) Vegetation Curve11

Figure 2.5 Multispectral images in agriculture

The use of multispectral images in agriculture is illustrated in Figure 2.5. As I can
understand from the Figure 2.5(a), this area is a healthy growing plant. A large area of
plants in the upper right corner is much darker in color. It means that the plants on the
right are growing better.

As shown in Figure 2.5(b), the spectral reflectance of vegetation shows that healthy
vegetation absorbs in the blue and red bands, producing ”healthy green vegetation.“ At
the same time, the reflectance of near-infrared rays increases sharply. It can also detect
stressed vegetation because the infrared reflectance of stressed vegetation is much lower12.

10https://zhuanlan.zhihu.com/p/28301239
11https://www.dronezon.com/learn-about-drones-quadcopters/multispectral-sensor-drones-in-farming-

yield-big-benefits/
12https://zhuanlan.zhihu.com/p/28301239
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Figure 2.6 Multispectral image technology in medicine [25]

In the medical field, multispectral imaging can help doctors avoid damage to the pa-
tient’s bile ducts or other organs during surgery. Improves accuracy, making it safer for
doctors during surgery. And it helps to more accurately determine the boundaries of tu-
mors and the detection of malignant tissue beyond the limitations of contemporary white
light imaging. Enables physicians to diagnose patient conditions through spectral images
accurately [25]. From Figure 2.6, it is possible to determine the pathological area from the
spectral information returned from the image. Helping the physician locate the pathological
area quickly, the physician can then remove the lesion from the patient.

Figure 2.7 Multispectral images in aerospace [5]

The aerospace field can monitor a number of hyperspectral and multispectral imaging
streams to tackle a wide range of natural resource management, environmental safety,
natural disaster prevention, and other issues [5]. From Figure 2.7, it is clear that the
multispectral images are high-altitude shots of scenes on the ground. The forest, light soil,
and available arable land shots are compared to the same area in different seasons. Different
spectral colors are used to indicate forest, light soil, and available arable land, respectively.
Multiple data streams can be obtained if the data is abnormal in one time period. Then
the monitor can move people in time to ensure the safety of people’s property, etc.
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2.5 Multispectral image applications
Multispectral images have been developed for decades which are used in a wide range of
industries. Many applications have been put on the market for use. However, it is difficult
to download and use in the market. However, the following applications can be found on
the internet. However, open-source software is relatively rare, and most of them requires a
paid download.

MultiSpec13: MultiSpec is a multispectral image data analysis software application. It
is designed to provide a fast and easy-to-use means for analyzing multispectral image data.
The main purpose of the system is to provide the scientific community with new analytical
tools. The system can also be used to display and analyze many other types of non-spatially
correlated digital images [4].

IDCube Lite14: IDCube Lite is a hyperspectral image analysis tool built with the prin-
cipal mission to simplify the analysis of the hyperspectral data. The tool can be used to
process any type of hyperspectral data from satellite images to microscopes.

ENVI15: ENVI is image processing and analysis software. It is used by extract timely,
reliable and accurate information from geospatial imagery. It is scientifically proven, easy
to use and tightly integrated with Esri’s ArcGIS platform. ENVI support of all types of
data including multispectral, hyperspectral, thermal, LiDAR and SAR.

PLS toolbox: PLS Toolboxes are pluggable toolboxes in Matlab for spectral image
analysis. Hyperspectral images from microscopy to remote sensing can be analyzed using
your PLS Toolbox tools. Load, manipulate, and analyze multivariate images in the analysis
GUI. Perform principal component analysis, multivariate curve resolution (ALS and purity),
SIMCA and PLSDA classification, K-Means clustering, and even PLS or PCR regression.

Epina ImageLab16: Epina ImageLab is used to process and analyze hyperspectral
images. It supports the most important spectral imaging technologies, such as ultraviolet,
visible light, infrared, Raman, THz, optical emission, absorption, and mass spectrome-
try. Besides, Epina ImageLab enables users to merge hyperspectral images with physical
property maps and traditional high-resolution color photos.

SpecView17: SpecView hyperspectral image acquisition and data preprocessing soft-
ware are developed for GaiaSorter, GaiaField, GaiaTracer-G text inspection system, and
Image--G series hyperspectral cameras, mainly used to realize the control, image acquisi-
tion, and data preprocessing functions of the spectral imaging system.

13https://engineering.purdue.edu/ biehl/MultiSpec/index.html
14https://www.idcubes.com/
15https://envi.software.informer.com/4.8/
16http://www.imagelab.at/
17https://www.specview.com/

11



(a) IDCube Lite

(b) Epina ImageLab

Figure 2.8 Application of multispectral image

The multispectral image software shown in Figure 2.8 is what I can easily download
on the internet. Figure 2.8(a) is free, open-source software. Figure 2.8(b) is an applicable
version of the software, which can only be applied for 30 days, after which it is paid for
use. Figure 2.8(a) shows that data analysis and data extraction can be performed on
multispectral images. It can also extract spectral information randomly in real-time and
save spectral color bands. Figure 2.8(b) differs from (a) in that its utilization is more
focused on hyperspectral images.
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Chapter 3

Image processing methods

This chapter focus on image preprocessing and image fusion methods. Section 3.1 described
the image preprocessing which includes image grayscale, image enhancement, image de-
noising, and image segmentation. Section 3.2 described image feature extraction matching
methods which is prepared for image fusion. Section 3.3 description of image fusion meth-
ods. The content of this chapter is limited to the information closely related to the topic
of the thesis.

3.1 Image preprocessing methods
Generally, the purpose of image preprocessing is to use preprocessing algorithms to restore
useful real information in images, enhance the detectability of related information, eliminate
differences in resolution and coordinate positions between original images, and improve
multispectral images. The sharpness of the image lays the foundation for the subsequent
image fusion. Image preprocessing methods can be roughly divided into image grayscale,
image enhancement, image denoising, and image segmentation. This section will focus on
the research of these preprocessing methods.

Image grayscale

The process of reducing the dimensionality of a color image into a grayscale image [15] is
the image grayscale processing. As the first step of image preprocessing, some attribute
information will inevitably be lost in the process of grayscale. Therefore, the main purpose
of grayscale processing is to design a reasonable algorithm to retain more original image
information, even if the grayscale processed image information is as consistent with the
original color information as possible.

According to requirements, the three-channel components can be artificially weighted
and averaged with different weights. The formula is as follows:

𝐺𝑟𝑎𝑦(𝑖, 𝑗) = 𝑖 *𝑅(𝑖, 𝑗) + 𝑗 *𝐺(𝑖, 𝑗) + 𝑘 *𝐵(𝑖, 𝑗) (3.1)

Among them, i, j and k are the weighting coefficients of the three channels of the color
image, and their sum is 1. Weights can be assigned according to needs. For example,
because the human eye is more sensitive to green and at the same time less sensitive to
blue, design a weight distribution scheme based on human physiology. The formula is as
follows:

13



𝐺𝑟𝑎𝑦(𝑖, 𝑗) = 0.11 *𝑅(𝑖, 𝑗) + 0.59 *𝐺(𝑖, 𝑗) + 0.3 *𝐵(𝑖, 𝑗) (3.2)

Image enhancement

Image enhancement is an indispensable step for image preprocessing, and it has a significant
effect on enhancing the visual impact of the image and improving the amount of image
information. Image enhancement consists of two purposes. One is to enhance the overall
or local characteristics of the image. By enhancing the original visible edge information,
the blurred image becomes visible, and the quality of the image is improved; the second
is to enhance the contrast of the image. There are many types of image enhancement
algorithms, which can be divided into two categories according to the implementation of
the algorithm, one is the spatial domain enhancement algorithm, and the other is the
frequency domain enhancement algorithm [9]. Spatial domain enhancement algorithms
include point operations and neighborhood operations. The former is a linear or non-linear
transformation of a single pixel. The latter is an image algorithm in which the output image
pixels are jointly determined by pixels in a neighborhood.

Image denoising

Image denoising [22], [6] can be used as a part of image enhancement, but it is introduced
separately as the foremost step of image preprocessing. Image noise generally comes in
two ways. One is the noise caused by the sensor circuit structure, electronic components,
working environment, and material properties in acquiring the image; the other is the noise
generated by the equipment and transmission in the image transmission process. There may
be factors such as defects in the media, which cause the image data to be contaminated
by many different kinds of noise. Image noise can be roughly divided into the following
categories: Gaussian noise, Poisson noise, multiplicative noise, and salt-pepper noise. The
specific image noise method difference is shown in Figure 3.1.

Figure 3.1 Various types of noise images. (a)Gaussian noise (b)Salt-Pepper noise
(c)Speckle noise (d)Poisson noise
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Figure 3.1(a) shows the Gaussian noise image is usually caused by the temperature
difference between the high temperature of the sensor itself and the environment or because
the image sensor is insufficient in ambient light when shooting, resulting in uneven image
brightness. Figure 3.1(b) shows the salt-pepper noise image is also called impulse noise. It
is caused by the resolution, such as the sensor imaging stage and data transmission stage.
3.1(c) shows that the Speckle noise image is usually caused by the image transmission path
not meeting the requirements. Figure 3.1(d) shows the quantum properties of the image
that cause the image to be granular. This granularity causes the sudden change of the
image to be minor and obscure the image details. It can be seen vertically that the image
may be noisy during the stages of imaging, transportation, and decoding, and noise will
affect the fusion effect of the image. Therefore, choosing a suitable denoising algorithm to
eliminate noise significantly impacts the subsequent image fusion.

Image denoising algorithms can be divided into two categories, one is the spatial domain
denoising algorithm, and the other is the transform domain denoising algorithm. Standard
spatial domain denoising algorithms are as follows: mean filter, median filter, and Gaussian
filter. The expected frequency domain denoising algorithm first passes Fourier transform or
wavelet transform and then selects an appropriate filter in the frequency domain to achieve
image denoising through low-pass filtering. For different noises, appropriate algorithms
should be selected to denoise. For example, for Gaussian noise, the average filtering effect
of the linear method is good by averaging the pixel values in the entire window range. The
Gaussian filter, which is also a linear filter, its template coefficient decreases as the distance
from the center of the template increases, so the Gaussian filter has a minor degree of
blurring of the image. The formula is as follows, where ℎ(𝑥, 𝑦) is the Gaussian function, 𝜎
is the standard deviation:

ℎ(𝑥, 𝑦) = 𝑒−(
𝑥2 + 𝑦2

2𝜎2
) (3.3)

The removal of median filtering is better than median filtering and Gaussian filtering
for salt-pepper noise. The reason is that the median filter uses a non-linear method, which
protects the image details and selects appropriate points to replace the contaminated points.
Hence, the median filter is very effective in smoothing impulse noise.

Image segmentation

As described in the previous chapter that the image consists of one pixel per small grid.
Each pixel has its characteristics. And image segmentation is the division of these pix-
els into several disjoint regions based on features such as grayscale, color, spatial texture,
etc. And these features show consistency or similarity in the same region while expressing
distinct differences between different regions. The difference between image segmentation
and clustering is that in clustering, grouping is done in the measurement space. In image
segmentation, a group is done on the spatial domain of the image, and there are (possi-
bly overlapping) groupings in the measurement space and interactions with each other in
clustering [10].

Threshold image segmentation is based on the grayscale features of the image to calcu-
late the grayscale threshold, and the grayscale value of each pixel in the image is compared
with the threshold value. The two major classes in the image are target and background,
and respectively, then a threshold value is selected for segmentation. The pixel points’ gray
value is first set to 0 or 255 to present the whole image with a distinct black and white
effect. The simple binarization thresholding method is to set the threshold value,
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𝑑𝑠𝑡(𝑥, 𝑦) =

{︃
𝑚𝑎𝑥𝑣𝑎𝑙 if src(x,y) > 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

0 otherwise
(3.4)

Region-based image segmentation is a segmentation technique based on direct region
findings. There are two primary forms of region-based extraction methods, and one is
a region growing, starts at individual pixels, and gradually merges to have formed the
desired segmentation region. The other starts from the global and slowly cuts to the
desired segmentation region.

Image segmentation based on edge detection attempts to detect edges containing dif-
ferent regions to solve the segmentation problem. Usually, the gray value of pixels on the
boundary of different regions varies drastically. If the image is transformed from the spa-
tial domain to the frequency domain by Fourier transform, the edges correspond to the
high-frequency part. The gradient edge operator uses the property that the image gradient
obtains a great value at the edge for edge detection. The gradient is a vector quantity. It
has direction Θ and mode ∇𝑓 [8],

∇𝑓 =

[︂
𝑔𝑥
𝑔𝑦

]︂
=

[︃
𝜕𝑓
𝜕𝑥
𝜕𝑓
𝜕𝑦

]︃
(3.5)

𝑀(𝑥, 𝑦) = 𝑚𝑎𝑔(∇𝑓) =
√︁
𝑔2𝑥 + 𝑔2𝑦 (3.6)

𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛

(︂
𝑔𝑦
𝑔𝑥

)︂
(3.7)

The direction of the gradient provides information about the trend of the edge, be-
cause the gradient direction is always perpendicular to the edge direction, and the mode
magnitude of the gradient ∇𝑓 provides information about the intensity of the edge.

3.2 Image registration
To obtain the results of the fused multispectral images. It is necessary to find out the
content of the images with significant features for comparison. The first step is to find out
the content with solid features in the image. Then how to determine whether the features
are consistent or not, it is necessary to describe the two feature descriptors, and if the
descriptions are very similar or the same, they can be judged as the same feature. While
rotation invariant can be achieved if can determine the orientation of the features before
feature description, and scale-invariant can be achieved if can evaluate the features. So
I can use the image feature extraction algorithms: ORB algorithm, SIFT algorithm, and
SURF algorithm [28].However, each of the three algorithms has different advantages. I will
mainly introduce the ORB algorithm used in the process of implementing the system.

ORB feature extraction algorithm

Oriented FAST and Rotated BRIEF (ORB) [31] is a fast feature point extraction and
description algorithm. It is divided into two parts, which are feature point extraction and
feature point description. ORB is characterized by combining FAST feature point detection
with BRIEF feature descriptors. The following is the flow of the implementation of the ORB
algorithm,

16



1. Feature detect: The features from accelerated segment testFAST) the algorithm is
used to detect feature points. That is, if a point is different from most of the points
around it, then it is a feature point [1].

2. Feature descriptor: After getting the feature points, the attributes of these feature
points need to be described. The output of these attributes is the descriptor of the
feature point. The same feature point should have sufficiently similar descriptors in
images with different sizes, orientations, and shades, called descriptor reprehensibility.

3. Feature Matching: A threshold is set for the descriptors of the feature points, and
when the similarity is greater than the threshold, then the two feature points are
matched.

SIFT feature extraction algorithm

Scale Invariant Feature Transform(SIFT) [19] is used to detect and describe localized fea-
tures in an image. SIFT is very tolerant of slight changes in ambient light and lens per-
spective. A 128-dimensional feature volume describes the feature points detected in the
image. The feature vector has features that are invariant to image scaling, translation, and
rotation. The steps are divided into four steps.

1. Scale spatial pole detection : The scale space is constructed by taking a Gaussian
kernel function for filtering, and the source image detail features are kept, and the
detail features are gradually reduced after Gaussian filtering to simulate the feature
representation in the large scale case. The formula is expressed as follows [12]

𝐿(𝑥, 𝑦, 𝜎) = 𝐺(𝑥, 𝑦, 𝜎) * 𝐼(𝑥, 𝑦) (3.8)

After the scale-space transformation and double sampling, the Gaussian pyramid is
finally obtained. The Gaussian difference can find the invariant extreme value point
in the scale space. The DoG function is as follows:

𝐷(𝑥, 𝑦, 𝜎) = [𝐺(𝑥, 𝑦, 𝑘𝜎)] * 𝐼(𝑥, 𝑦) = 𝐿(𝑥, 𝑦, 𝑘𝜎) − 𝐿(𝑥, 𝑦, 𝜎) (3.9)

where L(x,y,𝜎) is the Gaussian scale-space of the image, k𝜎 and 𝜎 are the smoothing
scales of the two consecutive images, and the resulting difference image is then in a
Gaussian difference pyramid.

2. Accurate positioning of key points : The image data we store in computer is discrete,
and the polar points are found by the DoG function, but not the real polar points in
the continuous space. So the DoG space needs to be fitted to find the precise location
and scale of the polar points. After eliminating the local non-conforming points, such
ad low-contrast feature points and unstable edge response points.

3. Feature point direction assignment: After the above steps have found the feature
points that exist at different scales, to achieve the image rotation invariant, it is
necessary to assign values to the directions of the feature points. The gradient dis-
tribution properties of the pixels in the domain of the feature points are used to
determine their orientation parameters, and then the gradient histogram of the image
is used to find the stable orientation of the local structure of the key points. The
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modulus m(x,y) and direction 𝜃(x,y) of the gradient of each point I(x,y) are obtained
by the following equation:

𝑚(𝑥, 𝑦) =
√︀

[𝐿(𝑥 + 1, 𝑦) − 𝐿(𝑥− 1, 𝑦)]2 + [𝐿(𝑥, 𝑦 + 1) − 𝐿(𝑥, 𝑦 − 1)]2 (3.10)

𝜃(𝑥, 𝑦) = arctan
𝐿(𝑥, 𝑦 + 1) − 𝐿(𝑥, 𝑦 − 1)

𝐿(𝑥 + 1, 𝑦) − 𝐿(𝑥− 1, 𝑦)
(3.11)

4. Generate feature descriptor: Firstly, the coordinate axis is rotated to the direction of
the feature point, and the gradient amplitude and direction of the pixels in a 16x16
window centered on the feature point, and the pixels within the window are divided
into 16 blocks, each of which is a histogram statistic of 8 directions within its pixels,
which can form a total of 128-dimensional feature vectors.

SURF feature extraction algorithm

Speed Up Robust Features (SURF) is a powerful algorithm for robust local feature point
detection and description. It is generally applied to object recognition, image stitching,
image alignment, and 3D reconstruction in computer vision. SURF is a modification of
SIFT that improves the way features are extracted and described in SIFT [3]. There are
six specific steps in the implementation process of SURF, and the process is shown in detail
below.

1. Build Hessian for feature extraction: The Hessian matrix is constructed to generate
stable edge points of the image. For an image I(x,y), the Hessian matrix is as follows
[14],

𝐻(𝐼(𝑥, 𝑦)) =

[︃
𝜕2𝐼
𝜕2

𝜕𝑥2𝐼
𝜕𝑥𝜕𝑦

𝜕2𝐼
𝜕𝑥𝜕𝑦

𝜕2𝐼
𝜕𝑦2

]︃
(3.12)

However, the image needs to be Gaussian filtered before constructing the Hessian
matrix, and the Hessian matrix after filtering is shown as,

𝐻(𝑥, 𝜎) =

[︂
𝐿𝑥𝑥(𝑥, 𝜎) 𝐿𝑥𝑦(𝑥, 𝜎)
𝐿𝑥𝑦(𝑥, 𝜎) 𝐿𝑦𝑦(𝑥, 𝜎)

]︂
(3.13)

When the discriminant of the Hessian matrix obtains a local extreme value, the current
point is determined to be a point that is brighter or darker than other points in the
surrounding neighborhood, thus locating the location of the key point.

𝐷𝑥 = 𝐼(𝑥 + 1, 𝑦) − 𝐼(𝑥, 𝑦) (3.14)

I(x, y) in the Hessian matrix discriminant is the Gaussian convolution of the source
image, and since the Gaussian kernel function is normally distributed, the coefficients
get lower and lower from the center point outward. In order to improve the com-
putational speed, Surf uses a box filter instead of a Gaussian filter, with the aim of
balancing the error caused by the use of the box filter.

𝑑𝑒𝑡(𝐻) = 𝐷𝑥𝑥 *𝐷𝑦𝑦 − (0.9 *𝐷𝑥𝑦)2 (3.15)
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2. Constructed the scale-space: The size of the images between different groups is the
same. When the template size of the box filter used increases gradually, the same
size filter is used between different layers between the same group, but the blurring
coefficient of the filter gradually increases.

3. Feature point localization: The feature point localization process that SURF and
SIFT are kept consistent and each pixel point processed by Hessian matrix is compared
with 26 points in the two-dimensional image space and scale-space neighborhood to
initially localize the key points. Then the final stable feature points are filtered out
after filtering out the wrongly localized vital points.

4. Feature point main direction assignment: The haar wavelet features within the circu-
lar neighborhood of the feature point are counted. The direction of the sector with
the largest value is taken as the principal direction of that feature point.

5. Generate feature descriptors: A 4x4 rectangular area block is taken around the feature
point. But the direction of the obtained rectangular region is along with the main
principle of the feature point. These four values are taken as feature vectors for each
sub-block region, so there are 64-dimensional vectors in total as feature descriptors.

6. Feature matching: The matching degree is determined by calculating the Euclidean
distance between two feature points. The shorter the Euclidean distance, the better
the matching degree of the two feature points is represented.

The above three methods are also applicable to image feature extraction.

3.3 Image fusion
Image fusion is the process of combining a large amount of information from multiple
sensors, acquired by different types of image detectors in the same scene, using mathematical
techniques to create a single composite image that is more comprehensive and thus more
useful for human operators or other computer vision tasks [30]. The goal is to extract useful
information from the source image without distortion and to generate a high-quality image
across the board [20].

Due to the advancement of modern computer science and technology, humans can merge
multiple multispectral images into a representative composite images. The synthesized
image includes all kinds of information contained in a single source image. And encapsulate
the relevant information in a single source image [18].

Figure 3.2 Image fusion
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Image fusion is also a search for redundant information in images. Usually image fusion
removes the redundant information. Also information complementarity is achieved. As
shown in Figure 3.2.

Current image fusion processing can be divided into three levels: pixel-level image
fusion, feature-level image fusion, and decision-level image fusion. The theoretical basis of
image fusion level division is the different stages of data fusion processing and the different
levels of image signal representation [2]. The focus of this thesis is pixel-level image fusion.

Pixel-level image fusion The result of pixel-level image fusion is a single gray or chroma
image, which directly processes the pixels of the source image, usually processing the source
image (such as extracting edges or textures) [32].

Figure 3.3 Pixel-level image fusion workflow

Pixel-level image fusion is also the most basic fusion level. The intention is to extract
important information from the input source image and the fusion process to transfer this
information to the output image. and its workflow is shown in Figure 3.2. The fusion
process should preserve (as much as possible) all the prominent information in the source
image. The fusion process should not introduce any artifacts. Or inconsistencies; the fusion
process should be shifted and unchanged. Even if all the above requirements are fully met, a
perfect fusion image can be achieved [32]. Compared with the other two fusion levels, pixel-
level image fusion directly performs operations such as weighted average, filter modulation,
or multi-resolution decomposition on the pixels participating in the fusion image, which
can save the data in the fusion image to the greatest extent.

Feature-level image fusion

The purpose of feature-level image fusion is to classify, organize and synthesize multi-sensor
data [24]. It belongs to the middle level of image fusion, which is one level higher than
pixel-level image fusion. Segment the image feature information in the source image, such
as texture edge details, contour information, etc.
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Figure 3.4 Feature-level image fusion workflow

Divide it into groups of regions. The attributes of various areas can calculate. Then use
a specific fusion strategy to integrate, process, and analyze the qualities and characteristics
of each site acquired in the source image. Features can divide into more than one area in the
fusion process, and each area must process separately [21]. Finally, obtain the fused image.
Feature-level fusion considers to be the preparation stage of decision-level image fusion
because feature-level fusion can extract the features of the fusion image to the maximum,
so it is suitable for providing image features required for decision-level fusion. The workflow
is shown in Figure 3.3.

Decision-level image fusion

Decision-level image fusion is a fusion method based on cognitive models. First, feature
recognition is used to process the source image after image preprocessing. Based on ex-
pert decision-making systems and large databases, the best decision-making process and
Program. The result obtained can be directly used as the decision-making of the target at-
tribute. Therefore, compared with the other two fusions, decision-level fusion is the highest
level of data fusion.

Figure 3.5 Decison-level image fusion workflow

Decision-level fusion is divided into two types: hard fusion and soft fusion. In soft fusion,
the classifier outputs a number that reflects its decision-making confidence, while in hard
fusion, the values of logical information (such as class membership) are combined[16]. The
advantages of decision-level image fusion mainly include: strong fault tolerance, a small
amount of data processing, and high flexibility; the main disadvantage of decision-level
fusion is the high cost of pre-data preprocessing. The reason is that to obtain the initial
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discrimination results, and it is necessary to preprocess the basic information of the sensor.
Its workflow is shown in Figure 3.4.

According to the project you have done, combine the characteristics of different fusion
levels and choose the appropriate fusion method to obtain the best fusion effect.

3.4 Principal component analysis
The principal component analysis(PCA) belongs to linear transformation based on statis-
tical techniques [23]. In image processing is a method of dimensionality reduction of image
data to weaken the data components [13]. The main idea of PCA is to map N-dimensional
features to K-dimensional features. The working principle is to find a set of mutually or-
thogonal axes from the original space sequentially, and the selection of new axes is closely
related to the data itself. The first new axis is chosen to be the direction with the largest
variance in the original data. The second new axis is chosen as the plane orthogonal to the
first axis, which makes the largest variance. The third axis has the largest variance in the
plane orthogonal to the 1st,2nd axis. By analogy, n such axes can be obtained. In PCA,
the number of components extracted is equal to the number of observed variables being
analyzed. However, in most PCA analyses, only the first few components have the largest
possible variance, so only these first few components are retained, interpreted, and used in
subsequent analyses [7].

Figure 3.6 Comparison of before and after PCA transformation

In Figure 3.6, the discrete data points are in the X1-X2 coordinate. a and b are the
variables of the discrete point on the X1 axis. c and d are the variables on the X2 axis.
When the discrete point moves on the X1 axis, then its variables on the X2 axis will also
change accordingly. The principal component transformation is to make a new axis PC1-
PC2 in the direction of the largest variance of these discrete points. then the axis of the
new axis jumps from its original position to the green dot in the figure. After rotating the
green point, I get the new axis on the right side of the figure. This is the result of the
principal component transformation. Then in the new coordinates, PC1-PC2 are no longer
correlated. The discrete points moving in a’ and b’ will not produce any intersection of c’
and d’ on PC2.
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𝑌 𝑇 = 𝑋𝑇𝑀 (3.16)

𝑋𝑇 is data of the input which W is an orthogonal matrix. 𝑌 𝑇 is the first principal
component of the output. So there is an orthogonal transformation between the input data
and the output data. such that the covariance matrix of 𝑌𝑇 is M = [𝜆] and⎡⎢⎣ 𝜆1 0

. . .
0 𝜆𝑛

⎤⎥⎦ (3.17)

where 𝜆1 >𝜆2 > ...𝜆𝑛 are the eigenvalues of 𝐾𝑧. The 𝑟th element of 𝑌𝑟,𝑌𝑟 = 𝑀 𝑡
𝑟𝑋𝑟−1

has maximum variance of all normalized linear combinations uncorrelated with 𝑌1,...,𝑌𝑟−1.
The vector 𝑌𝑇 i s defined ad the vector of principal components of M.

If input vector x with 𝐸(𝑥) ̸= 0 which define

𝑀 = 𝑥− 𝐸(𝑥) (3.18)

and compute the principal components transform of x as

𝑌 𝑇 = 𝑋𝑇𝑀 = 𝑋𝑇 (𝑥− 𝐸(𝑥)) (3.19)

However, since

[𝐾𝑧] = 𝑋𝑋𝑇 [Λ] (3.20)

The covariance matrix of the data matrix is calculated by calculating the covariance
matrix. Then the special diagnostic values and feature vectors of the covariance matrix are
obtained, and the matrix consisting of the feature vectors corresponding to the K features
with the largest eigenvalues (largest variance) is selected. In this way, the data matrix can
be transferred to a new space to achieve data dimensionality reduction.
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Chapter 4

System proposal

This chapter focuses on the functional areas and user interfaces from the applications related
to Section 4.1, from which I took inspiration and presented the basic requirements for my
system design. Section 4.2 analyzes the system’s actual requirements from the two points
of design goal, functional requirements. Section 4.3 is to design my system based on the
requirement analysis in Section 4.2, which is mainly to develop the system framework.
Section 4.4 is to select the development environment and tools for the system and determine
the conditions for implementing the system based on the actual situation.

4.1 Analysis of similar works
In Chapter 2, Section 2.5, I have mentioned the application direction of multispectral images
and image fusion. The application market of multispectral images is mature and mainly
targets the spectral characterization of multispectral images.

Application name Abbreviation Nice user interface Real-time capture spectral data Preprocessing Easy to operation
IDCube Lite IDL Normal Yes No No

Epina ImageLab EIL No No Yes No
Table 1 Analysis of similar works

In particular, IDL has a comprehensive analysis of multispectral images and can extract
the spectra for spectral analysis in real-time. This is where the application excels. However,
the advantage of the application EIL over IDL is that it can do preprocessing work on
multispectral images.

Multispectral images can be displayed in layers in the loaded image area. And mouse
click on an area will show the intensity value of the RGB component of that layer in that
area. The two multispectral image software are very feature-rich, although each function
is annotated. However, it is still rather vague in the usage stage. As a new user, I had
a bad experience with the human-computer interaction. An application needs to be well-
functional and let the user know how to operate the application and whether the operation
is clear at a glance.

First, from using the above software, I prefer the keystrokes to be clear and one keystroke
to one result. Command execution is efficient. Combine the respective advantages of IDL
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and EIL and do some subsequent processing with image fusion. Image fusion is the fusion of
multiple images together. One image needs to be selected as the target image and matched
with the second source image. The fusion result is different for different target images. The
purpose of image fusion is to obtain an image that contains more information per pixel.
After fusing the images, the RGB component in the image can be displayed in real-time.

There is another vital part that I need to care about, namely the contents of Table 1.
Does the system have an exemplary user interface? Does the system have good human
interaction? Are the modules of functionality clear when the user first opens the system?
Each part of the system should be relatively transparent about the functions that it can
use. The operations of each module are independent of each other and can be used with
each other.

4.2 Requirements
Design goal

By studying multispectral images in Chapter 2, I learned that a spectral image is captured
by the reflection of light from an object and then by the sensor of the camera. It is also
possible to filter the light by filter, leaving only the desired band of spectral information.

For example, in the aerospace field, as shown in Figure 2.7, there is a need to monitor
the land in a specific area and take pictures of a fixed spot and a fixed scene in spring and
autumn. From the information returned on the captured images, it is possible to know
which area is forest, arable land, and light soil. With such a large stream of data, then,
monitors need to analyze each image. But in terms of time, the change in each area is tiny.
How can the problem be detected in time? Inspired by this, I then came up with the idea
of fusing multiple multispectral images into one image. Then, the information features of
the spectral data between the images are retained. The fused image is compared with the
image from the earliest period. So I decided to make a system that can fuse multispectral
images. And to be able to compare the difference of RGB component values resulting
from image fusion with the any source image. I believe this would be useful for monitors
to do before and after comparisons. Finally, the multispectral source image or the fused
multispectral image can be subjected to principal component transformation. Any of the
component images can be saved.

Nowadays, with the development of technology, most images captured by camera equip-
ment are high-resolution images. Then there is a question? Is it necessary to preprocess
the high-resolution images? Here is an explanation of the need for image preprocessing.
When the user captures an image, no one can guarantee that the image is perfect and free
of defects in the image environment and equipment. Image preprocessing can handle these
images for a reason.

Regardless of the industry in which the image is used, image preprocessing facilitates
the user to have features applied to the user when using it. For example, when processing
infrared multispectral geographic images, low resolution infrared multispectral geographic
images need to be preprocessed, and contour lines in the image need to be emphasized.
This is the time when the importance of image preprocessing is highlighted.

First, think about what I need to achieve. What is the purpose and effect of the design?
My aim is to design the fusion of multispectral images and then to visualize RGB. Finally,
PCA processing can also be performed on the fused images. In section 4.1 I have made it
very clear that I want to design a multispectral image application that has a good sense
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of user experience. The user feel confused when opening the system for the first time. It
is necessary to implement the independence of the system modules, but also to have the
operability of the whole system. It is better to have one command at one press.

Functional demands

I have stated in the requirement objectives the direction I want to take regarding the purpose
of multispectral images. My friend and I went through our experience with IDL and EIL
software. Both of them have good functions. But it is too complicated for new users, and
it is not very user-friendly. Also, there are some functional areas that I don’t know how
to use. I think the more straightforward the graphical user interface is, the better. The
functions of the modules are independent of each other and do not affect each other’s work.

Meanwhile, the multispectral image processing system I designed has the following
functions: a preprocessing function for the images involved in image fusion to enhance the
information and visual effects of the images before fusion processing. There is an image
fusion function and an RGB visualization function for the fused multispectral images. An
image has three layers. Then the arrangement fusion of multiple images is a 3N-layer
multispectral image. Then the corresponding RGB has nine values, respectively. This
value needs to be visualized at last. Finally, principal component analysis is implemented
on the fused images to get the results of the images with different components.

4.3 Framework design of the system
According to the structure analysis in Section 4.2, I have been very clear about the section
of the system that needs to be designed. The following content is to build the partition
framework and core modules of the system. Finally, the framework design of the system is
then realized.

Image preprocessing

Generally, the purpose of image preprocessing is to use preprocessing algorithms to restore
useful real information in images, enhance the detectability of related information, eliminate
differences in resolution and coordinate positions between original images, and improve
multispectral images. The sharpness of the image lays the foundation for the subsequent
image fusion.

Figure 4.1 Image preprocessing workflow
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The image data from different types of sensors can be processed in the image prepro-
cessing section shown in Figure 4.1. Image preprocessing approaches can be roughly divided
into image grayscale, image enhancement, image segmentation, and image denoising.

Image fusion

Image fusion is the fusion processing of source images about the same target collected
by multiple sensors through different algorithms or different fusion rules. To facilitate
subsequent processing or help decision-making. Because the images in the dataset are
divided into source image, filter image 1, and filter image 2, the main thing is to do the
fusion of the three images. After that, the source images in the workflow figure are loaded
as three.

Figure 4.2 Image fusion workflow

In this thesis, I have chosen the pixel basic image fusion method. The workflow of pixel-
level image fusion is described above. Both images can be preprocessed, then matched and
fused, and finally output. The workflow shown in Figure 4.2.

RGB visualization

Figure 4.3 Image pixel RGB values
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Each image is composed of countless pixel points. Each pixel point has its own RGB
coefficients correspondingly. A multispectral image can be regarded as having three layers,
red, blue, and green. When N multispectral images are fused, the number of layers of an
image can be understood as 3xN. Then the RGB of a pixel point of an image contains nine
values eachas shown in Figure 4.3.

Principal component analysis

Figure 4.4 Principal component analysis workflow

Principal component analysis was performed to facilitate dimensionality reduction of the
multispectral images. The correlation between images is reduced. However, the features
between images are not lost yet. The best data are retained in the first principal compo-
nent image. The rest are decremented downward. Figure 4.4 shows the flow chart of the
PCA interface. Loading multispectral images or fusing multispectral images for principal
component analysis is then output.

4.4 System development environment and tools
The development environment of the system control program software is very important,
especially in the engineering application environment. The stability and portability of
the system program determine the operational performance of the system. I chose to
conduct GUI application development framework in QT Creator. And QT Creator is a
C++based development. It simplifies the application development steps. And C++ has
unique advantages in image processing. The machine vision library Open CV was used to
implement the multispectral image processing system designed by myself.
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Chapter 5

Implementation and evaluation

Chapter 5 covers the implementation of the entire system design based on the framework of
structural analysis and system design in Chapter 4. Section 5.1 is the data set that I used
in the final lab demonstration. Section 5.2 is the framework for implementing the system
design on top of the system. Section 5.3 presents and evaluates the designed system.

5.1 Dataset
From the Chapter 2 Section 2.2, it is understood that there are three acquisition methods
to obtain multispectral images. The image dataset is the focus of this experiment. The
dataset shown in the figure is only a small portion. There are also a large number of
multispectral datasets.
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(a) Multispectral image and Spectrmeter

(b) Multispectral image dataset at different height

Figure 5.1 Multispectral image dataset

A relatively low-cost acquisition route is the use of filters. The camera is tuned to
capture electromagnetic radiation in the infrared spectrum by removing the infrared filter
in front of the CMOS image sensor. The filter then blocks all visible light and allows
infrared light of a wavelength to pass through.

However, the image dataset in Figure 5.1 for this experiment was provided by supervisor
Pavel Zemick. A DJI drone took it through different filters. The shots were taken from
different heights and using different filters.

5.2 Implementation of the system
A complex system with a variety of functions can be divided into several modules based
on the different functions, with each module being as independent as possible, a process
known as a modular design. The advantage of such a design is that the complex system
is decomposed into sub-modules with different functions, which makes the software system
much more scalable and maintainable.
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Figure 5.2 Overall framework of the system

Based on the research and study in Chapters 2 and 3, the specific workflow of the mul-
tispectral image system for datasets of multispectral images is divided into three modules:
image preprocessing, image fusion, and principal component analysis (PCA). These three
modules are independent of each other. The overall framework of the system is shown in
Figure 5.2.

The graphical user interface of the overall framework shows the core modules of the
software system. In Chapter 4, Section 2, I elaborate my use of the system on can do every
button is able to make the user understand. The user interface of the overall framework
of the multispectral image system includes the main interface, the image preprocessing
interface, the image fusion interface, and the main component analysis interface. The main
interface of the software system is shown in Figure 5.3 below.

Figure 5.3 Multispectral Image Tool
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To present the direct effect of the operation I want. It is directly about the application
that pops up the main interface to allow the user to choose the corresponding to the desired
module. Each module is as independent as possible. The advantage of this design is that
the system can be broken down into sub-modules with different functions, which greatly
increases the scalability and maintainability of the system. Three modules are divided
according to different functions. They are multispectral image pre-processing, multispectral
image fusion, and principal component analysis. External interfaces for each core module
are provided for users. Compared with other software is only one main interface. It may
not have a beautiful appearance from the point of view of good looks. But for users like
me, it is very simple and straightforward.

Multispectral image preprocessing

The work of a multispectral image system begins with the preprocessing of multispectral
images. The purpose of image preprocessing is to recover useful and real information in
the image, improve the detectability of relevant information, eliminate the resolution and
coordinate position differences between the original images, and improve the clarity of the
source images. According to the requirement analysis and theoretical research, the core of
the image preprocessing module in this paper is the image preprocessing algorithm, which
mainly includes image grayscale processing, image enhancement and image denoising, and
image segmentation methods. Meanwhile, basic file operations such as reading and saving
of multispectral image files are required.

Figure 5.4 Image preprocessing workflow

The image preprocessing module is implemented according to the framework in Figure
5.4. According to the theoretical study of preprocessing in Chapter 3, image grayscale pro-
cessing converts color images to grayscale images, and its setup algorithm is the component
method. When multispectral images need to enhance the image’s visual effect and improve
the amount of image information, image enhancement can improve the situation, and the
image enhancement algorithm set is image sharpening (Laplace algorithm). Image denois-
ing can be performed when there is image noise in the participating images due to shooting
conditions and other reasons. The set denoising algorithms are Gaussian filtering and me-
dian filtering. The segmentation of multispectral images is mainly done by binarization
thresholding and contour extraction.
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Figure 5.5 Multispecral Image Preprocessing

Figure 5.5 shown as a rendering of the graphical user interface of the image preprocessing
module. The operation menu bar includes buttons for ’Local Read,’ ’Image Processing,’
and ’Save.’ The user can read local files by ’Local Read.’ Folder with multispectral images
and ’Save’ is another option that enables some basic operation functions for saving image
files. The left side of the interface shows the multispectral image, and the right side shows
the image display area for image preprocessing. The top of the image is equipped with a
logo for easy identification and operation. All the images in Figure 5.6 show the output
results of preprocessing the source images.
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Figure 5.6 Image preprocessing module. (a) Weighted grayscale; (b) Binarization; (c)
Contour extraction; (d) Gaussian filtering; (e) Median filtering; (f) Laplace sharpening

Image registration

In the image fusion part of the multispectral image system, before that, I need to introduce
image registration. In chapter 3, I listed three feature detection algorithms SURF, SIFT,
and ORB. Feature-based matching is divided into two parts: feature point extraction and
matching. Between these three algorithms, if the real-time computation requirement is
high, choose the ORB algorithm. If the execution requirements are slightly higher, the
SURF algorithm can be chosen. And the SURF algorithm is a fully upgraded version
of the SIFT algorithm. The ORB algorithm has the fastest real-time computation speed
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through system implementation and evaluation, and the time to fuse two images is about
10-15 seconds. The time for fusing three images is about 20 seconds.

Image registration is the geometric transformation of images of the same area acquired at
different times, in different wavebands, and by different sensor systems to make a complete
superposition of image points of the same name in position and orientation. What is
involved in the spatial position transformation? There is a geometric relationship between
the image and the image itself, and the spatial relationship is known. In the two images
in Figure 5.7(b), the source image is the reference image, and the filtered image is the
registration image. The geometric position and spatial coordinate light system between the
two are known. The registration image needs to be compared with the reference image to
see any geometric deviation between them.

The image registration process needs to extract the feature points in the image. Feature
points are the more important points in the image, contour points, bright points in darker
areas, dark points in more promising areas, etc. All feature points in the two source images
are traversed, and the distances between their descriptors are measured. The critical point
with the closest distance is the matching point. The feature points are output in Figure
5.7(a). After getting the feature points, the similarity between the features of the two
matched images needs to be measured. In the ORB algorithm, the Hamming function is
used for the metric.

After doing the first two steps, it is necessary to find the correspondence between the
reference image and the matched image features. A transformation relationship may exist
between the two images. Transformation of the image is performed within the reference
image and the registered image. The relation may exist and then the transformation may
exist, but this is in general. In short, a geometric transformation is performed between the
reference image and the registered image.

(a)

35



(b)

Figure 5.7 Image Registration. (a) Feature points, (b) Matching output.

Figure 5.7(a) shows the feature points displayed on the source image. Because the two
images are very similar, not many feature points are extracted from the source images.
A lot of feature points can be projected on the body of the white car in the lower right
corner of Figure 5.7(a). Figure 5.7(b) shows the violent connection of these feature points.
The individual pixels containing the same information are connected. The exact output is
shown in the Figure above.

Multispectral image fusion

The main purpose of the image fusion module is to perform a critical image fusion process
on the images to be fused by means of fusion algorithms. According to the study of fusion
algorithms in Chapter 3, the algorithms of the image fusion module are divided into three
main levels: pixel-level image fusion, decision-level image fusion, and Feature-level image
fusion. However, the image fusion method applied in my multispectral image system is haar
wavelet transform image fusion, which belongs to pixel-level image fusion. In my design,
multispectral image fusion is possible with two images or three images fusion. It also has
basic operation functions such as loading, saving multispectral image files, and displaying
them.

Because my design goal is to enable the user to fuse the multiple spectral images taken
at the same location for the same period or different periods, then the fused spectral images
are spatially correlated and complementary in spectral information. It makes the image
have a more comprehensive and clear description of the scene.

Since image fusion requires consistent pixel positions for the pre-fusion images, it is de-
sirable to take multiple multispectral images at the same location and at the same altitude.
This ensures that the image shift bias is small. The image data from the same location
at different heights and with different filters are shown in Figure 5.1(b). This way, the
bands of the captured images are more consistent, and the variability is small. The two
multispectral images have a good correlation of gray values between the same pixel point.
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(a)

(b)

Figure 5.8 Wavelet transform

In the image fusion I use wavelet transform. The process of wavelet transform of a single
image is shown in Figure 5.8(a). From the input source image, four parts are generated
after the first level wavelet transform. They are overview image, vertical detail, horizontal
detail, and diagonal detail. The overview image has spatial structure information similar
to that of the input source image. That is, the image is reduced in size. The second level
wavelet transform is a transformation of the overview image from the first level wavelet
transform. It is possible to go on to the next wavelet transform. But in my design, only
the second level wavelet transform is used.

For the source image with one level of the wavelet transform, one low-frequency compo-
nent and three high-frequency components are obtained. After both spectral images have
undergone wavelet transform, three high-frequency components and one low-frequency com-
ponent are produced.The wavelet inverse transform is reconstructed, and the fused image
is output. This is shown in Figure 5.8(b). The image after wavelet transform can well
separate the image’s spatial features and spectral features, and there is no information loss
during the reconstruction process.

According to the framework design of this system, as show in Figure 4.3, call the GUI
development framework QT to implement the GUI of the overall framework of the multi-
spectral image system.
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(a)

(b)

Figure 5.9 Image fusion (a) Two images fusion, (b) Triple images fusion

Figure 5.9 shows the GUI effect of the image fusion module. You can choose to fuse
two multispectral images or three multispectral images. Each loaded multispectral im-
age has the corresponding number, ”multispectral image 1“, ”multispectral image 2“, and
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”multispectral image 3“. Users can choose to fuse two multispectral images or triple multi-
spectral images according to their needs. The two corresponding buttons are ”(1+2) Image
Fusion“ and ”(1+2+3) Image Fusion“, respectively. The ”Update“ button is for the user to
update the successfully fused multispectral image in the framework below directly at the
output fused image. The ”Save“ button is to ensure that the user can save the successfully
fused image to the local disk.

Figure 5.10 Fusion results for different height image datasets

As shown from the three sets of output images in Figure 5.10, the image displacement
deviation after fusion for height 1 is the largest among the three sets of data.

RGB visualization

The two multispectral image applications are mentioned in Section 4.1 of Chapter 4. Both
of them have the visualization of RGB components. My requirement analysis also clearly
states that the RGB visualization is wanted so that the user can compare the loaded
multispectral image with the fused image. At the same coordinate points, which component
of the output has the higher value? In Figure 2.7, the spectral image information feedback
for light soil is blue, so I know that the blue range area is the danger range. The spectral
images taken at different intervals are fused according to the interval. Then the area shown
by the image may increase or decrease. These allow the fused image to be compared with
the RGB component of the input image.
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Figure 5.11 RGB visualization

The RGB values are visualized for each image loading layout. There is no correlation
between them until they are fused. The data can be displayed at the top of the image
loading layout by clicking randomly on the image loading layout with the mouse. This is
shown in Figure 5.11.

Take the coordinates of the upper left corner as the vertex. What exists between the
fused image and the source image is that the coordinate information is consistent. Click
on the fused image. The pixel values of the corresponding coordinates of each image will
appear.

Principal component analysis

Each spectral information of a multispectral image has spatial characteristics. A princi-
pal component transform is applied to the captured multispectral image. The individual
components obtained are different and unrelated to each other. The spectral information
content of each image also varies. Also, the user can perform principal component analysis
on both the fused multispectral image and the source image.nThe first image looking for
a principal component under normal circumstances, they should be 9 dimensional image.
And each of the principal components should be the corresponding values of the principal
component.

40



Figure 5.12 Principle component analysis

Figure 5.12 shows the loading and output interface of the principal component analysis.
The user can directly load the fused or source multispectral images for principal component
analysis processing. Then in the interface, I only analyze the image based on principal
components up to the third component. It is not shown further on. And also the user can
also save any of the component images.

Figure 5.13 Principle component analysis of select image

In Figure 5.13, it can be seen that there is no correlation between the three images.
A comparison is made from the vehicles in the lane. The vehicles in the first principal
component are clear enough to know that eight cars are in the street. However, in the
second principal component image, only one vehicle is shown in the lane. And the effect
in the image presentation is also different from the first principal component. Then in the
third principal component image, the vehicles are presented as 3. It is still very different
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from the first two principal component images. Each of the spectral information in the
multispectral image has a band. But each band corresponds to have a spatial structure.
After the principal component transformation of the multispectral image, the information
in the first principal component image is the strongest. The information of all bands is
extracted and put into the first principal component image. And so on.

5.3 Evaluation
Among the design goals, my expectation for the system is to perform preprocessing, image
fusion, RGB visualization, and principal component analysis on multispectral images. At
the same time, the experience of the system is simple and straightforward. The above
features are required in the functional requirements.

Requirements Purpose Result
Design goal Easy use Yes

Functional requirement Preprocessing, Image fusion, RGB visualization, and PCA Yes

Table 2 Requirement and Result

From the purpose and results presented in Table 2. The main interface of the system
is clear and concise, with three independently operating functional modules, and the result
of this is successfully implemented.

Implement Result
Load image Yes
Save image Yes

Image preprocessing Yes
Images fusion Yes

RGB visualization Yes
PCA component image Yes

Table 3 System content display

In Table 3, I have shown all the implemented functions. From the dataset, it can be
seen that I have three sets of image data, taken from different heights and using different
filters. The final fusion result also shows the direct displacement of the images. Also, the
RGB component values are visualized in the image after the fusion is clicked. One is able to
determine the image displacement and also output the nine-layer RGB values of the image.
The output results of the dataset are shown in Figure 5.14.
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Figure 5.14 Comparison of input and output of all datasets

I got seven new users to use the new system I had designed. They were students from a
variety of different majors. What were the results on how the users felt about the experience
of human-machine interaction with the system?

Users Aesthetics Reasonability Simplicity Operability
User 1 No Normal Yes Yes
User 2 Normal Normal Yes Normal
User 3 Normal Yes Yes Normal
User 4 No Normal Yes Yes
User 5 Normal Yes Normal Normal
User 6 Normal Yes Yes Normal
User 7 Normal Normal No No

Table 3 Human-machine interaction

I look at aesthetics. And strength, simplicity, and operability are four aspects for new
users to experience the system I designed. However, the response to the aesthetics of the
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interface was very average. I think it is a bit outdated. The operation is relatively easy.
One button and one command. From the UI design, the overall effect is not very good.
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Chapter 6

Conclusion

The goal of this thesis was the design and implementation of a multispectral image system.
The goal has been achieved.

The whole thesis contains the theory of multispectral images and image fusion and
methods of image processing. Based on existing applications, I performed a requirements
analysis and a functional analysis to outline the framework of the system I wanted. Pre-
processing and image fusion and principal component analysis can all be performed on a
multispectral image system, and the three modules can be used mutually but independently
of each other. Finally, I presented and evaluated the results of the whole system based on
the design framework.

Why did I choose multispectral images for the research study? It all started when
a friend in China and I talked about a set of signals captured by the Five-hundred-meter
Aperture Spherical Radio Telescope. There is spectral information included in the captured
signal how I started to learn and study multispectral images. I learned that the spectrum
of a multispectral image is an image containing 3-15 discrete spectra. Each spectral infor-
mation has its color, not from the mixing mode of the three primary colors. Also, their
spectra all possess different wavelengths. And in a wide range of applications in agriculture,
humans can capture the wavelength information of each region of the multispectral image
through the camera to distinguish which are the diseased parts of crops and can respond
more quickly to first aid programs. Also, this is applied to environmental protection.

In the future, I hope that there will be software that allows users to have a good
sense of human-machine interaction. And then not just using pixel-level image fusion
methods. There can be more image fusion methods. It would combine spectral analysis of
multispectral images with image fusion. It is also possible to extract the maximum amount
of favorable information from the respective channels and synthesize high-resolution images
to improve image information utilization, the system’s reliability in detecting and identifying
targets, and the degree of automation. At the same time, eliminate the possible honor
and contradiction between multiple sensing information. In the future, the application of
multispectral images will be more involved in various aspects. It can be better realized in
the numerous fields already involved and can explore more application directions.
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Appendix A

CD-ROM directory table

• Thesis PDF File: xliyou00-thesis.pdf

• Latex Code: xliyou-latex-code.zip

• Source Code(QT): imagetool.zip

• Source Code(Matlab): Matlab.zip

• Dataset: Multispectral-Dataset.zip

• Figures used in the thesis-Figures.zip

– Chapter2-Figures
– Chapter3-Figures
– Chapter4-Figures
– Chapter5-Figures

• Manual
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Appendix B

Used libraries summary table

• Opencv 4.5.0

• Matlab 2020

• QT Creator 4.14.0
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